This study examined the association between magnesium intake and type II diabetes risk among Japanese adults. Participants were 25 872 men and 33 919 women aged 45-75 years who had no history of diabetes. Magnesium intake was ascertained using a 147-item food frequency questionnaire. Odds ratio of self-reported physician-diagnosed type II diabetes over 5 years was estimated using logistic regression analysis. A total of 1114 new cases of type II diabetes were self-reported. Magnesium intake was not significantly associated with type II diabetes in either men or women. The multivariable-adjusted odds ratios (95% confidence intervals) of type II diabetes for the highest versus lowest quintile of magnesium intake were 0.86 (0.63-1.16) and 0.92 (0.66-1.28) for men and women, respectively. Although a small effect cannot be excluded in men, magnesium intake may not be appreciably associated with risk of type II diabetes for Japanese adults.
Introduction
Despite low prevalence of obesity, the Japanese have a similarly high prevalence of type II diabetes as do Western populations. It has been postulated that the Japanese are predisposed to type II diabetes due to low ability of insulin secretion (Sone et al., 2003) . Magnesium has a role in glucose homeostasis and insulin action (Paolisso et al., 1990) , and its protective effect against type II diabetes is supported by results of a meta-analysis of prospective studies in Western populations (Larsson and Wolk, 2007 ). An inverse association between magnesium intake and type II diabetes has also been reported in a few studies from Asian ethnic groups (Hopping et al., 2009; Villegas et al., 2009; Kirii et al., 2010) , but the association appears to be to weaker than that among Western populations (Hopping et al., 2009; Villegas et al., 2009) , suggesting an ethnic difference in the effect of magnesium on type II diabetes risk. In this article, we investigate prospectively the relationship of magnesium intake with risk of developing type II diabetes, using data from a large-scale population-based cohort study in Japan.
Subjects and methods
The Japan Public Health Center-Based Prospective Study was launched in 1990 for cohort I and in 1993 for cohort II (Tsugane and Sobue, 2001) . Subjects were residents of 11 public health centers aged 40-69 years at each baseline survey. This study was approved by the institutional review board of the National Cancer Center of Japan. From the entire study population (n ¼ 140 420), we excluded those who resided in two public health center areas because of the differences in recruitment criteria. Of the remaining 116 672 subjects, 71 075 responded to the questionnaire survey at baseline, 5-year (second) and 10-year (third) surveys. We excluded subjects who reported a history of type II diabetes or severe disease before follow-up or who reported extreme total energy intake, leaving 59 791 subjects (25 872 men and 33 919 women) in analysis.
At each survey, participants completed a self-administered questionnaire on lifestyle and health. In this analysis, we used data of the second survey, when dietary intake was assessed using a 147-item food frequency questionnaire (FFQ). For most food items, participants were asked consumption frequency and their usual portion size. Magnesium intake assessed by the questionnaire was proved to be reasonably valid (Ishihara et al., 2006) . Type II diabetes was ascertained by a self-administered questionnaire. At the third survey, study participants were asked if they had ever been diagnosed with diabetes, and if so, when the initial diagnosis had been made. Only subjects who were diagnosed after the second survey, baseline of this analysis, were regarded as incident cases. We confirm that the validity of self-reported diabetes is fairly good (Kato et al., 2009) .
Multiple logistic regression analysis was performed to estimate odds ratios of type II diabetes for the quintiles of energy-adjusted magnesium intake with adjustment for age, study area, body mass index, smoking status, alcohol consumption, family history of diabetes mellitus, leisure time physical activity, history of hypertension, coffee consumption, calcium intake and total energy intake. To test a hypothesis that magnesium is protective against type II diabetes among persons with obesity or insulin resistance, we also analyzed data for persons with a body mass index X25 kg/m 2 . Two-sided P-values less than 0.05 were regarded as statistically significant. All analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC, USA).
Results
During the 5-year period, 1114 participants were newly diagnosed with diabetes. In men, the risk of type II diabetes tended to decrease with magnesium intake, although the trend association was not statistically significant (Table 1) . In women, magnesium intake was not appreciably associated with risk of type II diabetes. There was also no association among persons with a body mass index X25 kg/m 2 ; the multivariable-adjusted odds ratios (95% confidence intervals) for the lowest through highest quintiles of magnesium intake were 1.00 (reference), 1.08 (0.75-1.56), 0.79 (0.53-1.19), 0.81 (0.54-1.23) and 0.89 (0.57-1.38) in men (P-value for trend ¼ 0.28) and 1.00 (reference), 0.87 (0.56-1.34), 1.30 (0.86-1.97), 1.12 (0.72-1.73) and 1.04 (0.65-1.66) in women (P-value for trend ¼ 0.57).
Discussion
We found no significant association of magnesium intake with type II diabetes. Our finding contradicts with that of a meta-analysis of prospective studies among Western populations (Larsson and Wolk, 2007) . Of seven studies in the meta-analysis, four showed a statistically significant inverse association and, in these studies, the risk for the highest category of magnesium intake was approximately 30% lower compared with the lowest. In contrast, the association Based on multiple logistic regression analysis, assigning ordinal numbers 0-4 to the quintile categories of magnesium intake. b Adjusted for age (year), study area (nine areas), body mass index (o21, 21-22.9, 23-24.9, 25-26.9 or X27 kg/m 2 ), smoking status (never, past, current with a consumption of o20 or X20 cigarettes per day), alcohol consumption (nondrinker, occasional drinker or drinker with a consumption of o150, 150-299, 300-449 or X450 g ethanol per week for men; nondrinker, occasional drinker or drinker with a consumption of o150 or X150 g ethanol per week for women), family history of diabetes mellitus (yes or no), leisure time physical activity (oonce per month, 1-3 times per month or Xonce per week), history of hypertension (yes or no), coffee consumption (almost never, o1, 1 or X2 cups per day), calcium intake (mg per day) and total energy intake (kcal per day). appears smaller and less consistent among studies of Asian populations except one in Japan (Kirii et al., 2010) . In women living in Shanghai (Villegas et al., 2009) and in Japanese American men living in Hawaii (Hopping et al., 2009) , although type II diabetes risk was significantly decreased among persons with high magnesium intake, the risk difference between the highest and lowest quintiles was only 15%. No association has been reported in Japanese American women (Hopping et al., 2009) .
We have no clear explanation for the seemingly smaller association among Asians than among Western populations. Because magnesium may improve insulin resistance (Paolisso et al., 1990) , this could be ascribed to lean body composition of Asian population, who are probably on less insulin resistance than Western population. In a Japanese study (Kirii et al., 2010) , an inverse association between magnesium intake and type II diabetes was observed among persons with a body mass index X25 kg/m 2 . We found, however, no association even among overweight persons, a finding refuting that such explanation is plausible. Alternatively, the null finding in this study might be due to the difference in sources of magnesium intake. Magnesium intake from dairy and animal food may have risk-lowering effect against type II diabetes (Villegas et al., 2009) but it is much lower in Japanese populations than in Western populations (van Dam et al., 2006) . In Japanese diet, the major sources of magnesium were cereals (17%), vegetables (15%), pulses (12%), seasonings and spices (11%), and fishes and shellfishes (10%) (Kenko Eiyo Joho Kenkyukai, 2009). Strengths of this study include large sample size, the population-based prospective design and the use of a validated FFQ. This study also has some limitations. The diagnosis of type II diabetes was ascertained by self-report. According to validation studies among our study population, however, 94% of self-reported diabetes cases were documented in medical records, and sensitivity of self-reported diabetes was reasonably high (83%). Another limitation is that magnesium intake assessed at only one time point may not reflect long-term intake.
In conclusion, although a small protective effect cannot be excluded, this study does not provide evidence to support a significant role of magnesium in the development of type II diabetes in Japanese adults. The difference in the association between Asian and Western populations merits further investigation.
